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vABSTRACT 
Inventory management in Navy pharmacies uses outdated technologies and 
strategies and desperately needs updating. The management of inventory should never 
use a one-size-fits-all approach, and the optimal inventory management system 
was determined for Naval Medical Center San Diego (NMCSD). This thesis used 
demand data gathered from NMCSD to investigate the periodic review and 
continuous review systems with single item ordering and joint quantity ordering to 
determine which was best for NMCSD. The results of this study are that joint ordering 
with continuous review is less expensive than single item ordering and periodic 
review of inventory. It is recommended that NMCSD begin looking into the 
costs and how to begin implementing a continuous review system.  
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I.  INTRODUCTION 
Each year all of the services across the Department of Defense (DOD) spend 
billions of dollars filling prescriptions, using one of three options: Military Treatment 
Facility (MTF) pharmacies, Tricare Mail Order Pharmacy (TMOP), or retail pharmacies. 
For both the government and the Tricare beneficiary, the most expensive option is to fill a 
prescription using the retail network (Government Accountability Office [GAO], 2008). 
Through various incentive-based plans, the DOD is trying to shift demand from the retail 
networks to one of the two preferred methods of filling prescriptions, the MTF 
pharmacies or TMOP (GAO, 2008). With 9.6 million Tricare beneficiaries in 2012 
(Congressional Budget Office [CBO], 2014), many of whom fill at least one prescription 
every year, this would result in millions of prescriptions to fill throughout the DOD.  
With new demand being brought back to MTFs, combined with new technologies, 
it is necessary and more cost effective for the pharmacies to change how they maintain 
inventory. New research has made inventory management a science rather than 
conjecture. Countless different inventory management systems can be customized 
specifically to meet the customer’s individual needs. Using computers, it is easy to gather 
and analyze data, and even have a computer decide when and how much of an item to 
order. There are over 80 pharmacies in the Navy system, each managing its own 
inventory of as many as 2,300 items or stock keeping units (SKU). Managing these items 
by hand is difficult, time-consuming, and not an efficient use of resources.  
This thesis will examine the inventory management of one of the largest 
pharmacies in Navy Medicine, Naval Medical Center San Diego (NMCSD) Pharmacy. 
The focus will be on the management of the outpatient division and will not include the 
demand for inpatient medications. Using data generated from NMCSD, an inventory 
management system utilizing economic order quantities (EOQ) with joint ordering and 
random order generation will be evaluated and compared with periodic inventory 
management.  
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The NMCSD Pharmacy is responsible for filling an average of 2,500-2,800 
prescriptions daily, about 1 million prescriptions each year, with over 2,300 unique stock 
keeping units (SKU) (research from NMCSD, July 22, 2016). It is surprising that a 
pharmacy this size still relies heavily on older outdated methods of managing its 
inventory. Reorders are initiated by visually inspecting each of the 2,300 SKU daily or 
may result if there is a prescription for a medication and there is none left on the shelf. 
There is no reliable electronic or other system that the pharmacy’s staff can use to 
determine the actual on hand inventory of any items. If a pharmacist, technician or supply 
staff would like to know how much of an item is in stock presently, the best and only way 
to do this is to walk to the shelf and count what is there. This leaves a lot of room for 
error; there could be misplaced medications or several bottles off the shelf because they 
are being used, and there is no accountability to compare what is actually present with 
what should be present. However, NMCSD does use some technology to make their lives 
easier. When walking the shelves to re-order medications, NMCSD’s supply staff use a 
barcode scanner to enter the quantity on the shelf, and automatically re-order the 
medication up to the pre-set quantity.  
The NMCSD supply workflow is actually very simple. Each day three technicians 
spend about three hours walking the shelves reordering the medications as needed 
(Vancheri, 2016). The supply staff has quite a large quantity buffer because their goal day 
of stock (DOS) is 30 days’ worth and place orders five days a week, Monday through 
Friday, and usually receive their orders the following day (Vancheri, 2016). There are 
exceptions when the prime vendor is out of stock or there is a manufacturer back order, 
but this occurs infrequently. When the order cannot be fulfilled by the next business day, 
the order is then cancelled and must be redone (Vancheri, 2016).  
The supply staff has gained significant expertise through on-the-job training and 
the experience that comes with working a job a many years. If they were to turn over 
their duties to someone else, it almost certainly would take much longer than nine hours 
to accomplish; shortages or overstock would almost certainly occur until the new staff 
got accustomed to the job. While this study looks specifically at NMCSD, not all MTFs 
have the same resources. At smaller MTFs, there may not be a designated supply staff, 
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only someone who does it part-time or a military member who will turnover very 
quickly. A facility like this may use a lot of extra resources to keep their inventory at 
sufficient levels. The benefits of optimizing inventory management could be transferred 
to all Navy pharmacies and may even have a larger impact in other pharmacies that do 
not have the same kind of resources as NMCSD. The largest benefit may be to an 
overseas pharmacy, where the supply staff turnover is arguably the highest. With a 
process like inventory management that already has a high learning curve, practicing in 
an overseas setting has increased demands due to a longer lead-time with much more 
variability. 
The purpose of this thesis is to analyze the demand at NMCSD and use that to 
determine an optimal inventory management system. The study will compare a 
continuous inventory management system with a periodic inventory system. The status 
quo at NMCSD is a hybrid of the periodic and the visual method of inventory 
management, a continuous review system would allow for a the technician to fill 
prescriptions rather than order medications, decreasing the patient’s wait time or even 
allowing the technician to go home on time. The hope of the study is to demonstrate the 
benefits and detriments of each management system to allow NMCSD to make as 
educated a decision as possible. 
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II. BACKGROUND AND LITERATURE REVIEW 
A. BACKGROUND 
Running a military outpatient pharmacy is very similar to managing a community 
pharmacy such as Walgreens or CVS. They both have patients in need of medication and 
customers expect that, in a short amount of time they can go home with medications in 
hand. The expectation of visiting a pharmacy is that the medication will be in stock and 
filled in a relatively short period of time. Due to the fact that medications play a 
significant roll in public health, consumers view a stock outage as an incredibly negative 
experience; stock outages can result in a loss of customers if it happens frequently. To 
prevent this, pharmacies must have a high service level on all of their items to prevent 
such stock outages. However, medications or inventory in pharmacies are the largest 
asset in pharmacy practice, as much as 75% of a pharmacy’s costs can be associated with 
inventory (Bouldin, Holmes, & Garner, 2011). The cost of inventory is made even more 
difficult because there is such a growth in the number of drugs on the market as well as 
the number of people who need these medications (Ali, 2011). The corporate goal of a 
civilian community pharmacy is to make a profit; a large component of this is to 
minimize the opportunity cost of inventory by not tying up capital in unnecessary 
inventory. Military pharmacies are different because troop readiness and the overall 
health of beneficiaries, active duty, their dependents and retirees, are the goals of a 
military pharmacy, rather than profit. However, this does not mean that inventory 
management is not important.  
B. LITERATURE REVIEW 
This section will introduce different costs associated with pharmacy practice, 
specifically costs associated with managing inventory. Two different methods of 
inventory categorization will be explained and later used to decide which medications to 
focus the study on. Lastly, the different inventory management models that will be used 
in this study will be introduced.to focus inventory management models  
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1. Pharmacy Inventory Associated Costs 
Acquisition, procurement, carrying, and shortage costs are the four major costs 
associated with maintaining inventory (Ali, 2011).  
a. Acquisition costs 
Four factors to determine the acquisition cost of medication inventory and are 
responsible for the growth in the value of a pharmacy’s inventory: price, utilization, mix, 
and innovation (American Society for Health-System Pharmacists [ASHP], 2008).  
(1) Price 
Price is the cost of individual medications, and can be driven down with the use of 
generic medications, if available. This is important because medications, even older 
medications that have been on the market for a while are getting more expensive. Take 
the case of the EpiPen®. This is an auto-injectable form of epinephrine that is used to 
save lives when an anaphylactic allergic reaction occurs. Since 2010, the cost of this vital 
medication has increased to five times what it was, peaking at just over $600 per pack 
(Lipton & Abrams, 2016).  
(2) Utilization 
Utilization or demand is the number of people filling prescriptions or the demand 
of the medication. Nearly 60% of Americans take routine medications daily and this 
number has increased significantly since 2000 (Dennis, 2015). This increase in demand 
can be attributed to the rising number of Americans who take medications to treat 
conditions such as depression, hypertension, or diabetes (Dennis, 2015). In the last 12 
years alone, the number of people taking more than five medications has risen from 8% 
to 15% (Dennis, 2015). With the demand for medications increasing so dramatically, 
pharmacies must maintain a higher amount of medications on their shelves, which 
increases the acquisition costs as well as holding costs. 
 7
(3) Mix  
Mix is when newer medications are developed that are typically better and more 
expensive than the medications in which they replace. This type of cost is usually 
associated with older medications coming off of patents and being replaced with 
“updated” versions, such as a long acting form or combination product like Caduet®. This 
medication was released by Pfizer combines the cholesterol-lowering drug Lipitor 
(atorvastatin) and the hypertension drug Norvasc (amlodipine) (Pfizer, 2016) making it 
essential for pharmacies to carry three different medications, Lipitor, Norvasc, and 
Caduet®, each with several dosages, rather than two.  
(4) Innovation 
Innovation is the cost of medications to treat a condition that was previously 
untreatable (ASHP, 2008). Perhaps one of the most obvious examples of this was when 
Viagra® (Sildenafil) was first released to treat erectile dysfunction. Innovative costs are a 
combination of utilization and mix costs (ASHP, 2008).  
All of these costs are tied into the acquisition cost of medications (Ali, 2011), 
which is essentially the total amount of money that is used on the medications themselves 
or the cost of the medications themselves. Assuming a proper quantity is ordered, much 
of the acquisition cost is unavoidable. A pharmacy will order and use what is demanded.  
b. Procurement Costs 
Procurement costs are the costs involved in purchasing medications such as 
managing or placing orders and stocking shelves once the medications arrive (Ali, 2011). 
These costs are mostly personnel costs and are a function of the time and salaries of the 
individuals who do these tasks. The best way to manage these costs is to remember time 
is money (Sloan, 2015). Becoming more efficient with ordering is one way to reduce 
procurement costs. It is also important to remember that spending a lot of time looking 
for the best price on a medication may actually increase the total price because saving a 
couple pennies on that medication may cost more in hours of time (Sloan, 2015). 
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c. Costs 
Carrying costs are costs incurred as a result of having the inventory; any loss, 
theft, or damage, as well as the cost of expiring medications fall into this category (Ali, 
2011). The best way to reduce this cost is to minimize wastage and/or shrinkage 
d. Shortage Costs 
Shortage cost is difficult to put a dollar value on. It can include making rush 
orders, or the cost of a lost customer, or even the physical health that may be impacted as 
a result of a stock outage (Ali, 2011). The military system is a little different in that 
customers are told where they can fill their prescriptions. MTF pharmacy customers are 
highly incentivized to use MTF pharmacies with 90-day supplies and zero co-pays, but 
they will still use a network pharmacy at a greater expense to the DOD.  
2. ABC Analysis/Pareto Principle 
An ABC analysis or the Pareto Principle can determine the best way to allocate 
resources and help plan inventory (American Society for Health-System Pharmacists, 
2008). The Pareto Principle is a very old theory that states 20% of inputs result in 80% of 
the results (Lavinsky, 2014). In this case, the Pareto Principle implies that 20% of 
inventory items result in roughly 80% of budget. The ABC Analysis takes this principle 
and applies it slightly differently. While the Pareto Analysis divides items into two 
categories, 20% and 80%, the ABC analysis divides it into three: A, B, and C items 
(World Health Organization [WHO], 2012). There are some variations in how the 
categories are divided and often there is a natural or obvious divide. Typically the A 
items represent about 10–15% of the items or 70–80% of the total cost, B items 
approximately represent the next 20–25% of the inventory or 15–20% of the budget, and 
the remaining 60–70% of the items account for only 5–10% of the budget (Devani, 
Gupta, & Nigah, 2010). The ABC analysis can have a significant impact on identifying 
areas for improvement. Any cost reduction of the “A” items will have the most 
meaningful and immediate impact on inventory costs, while the “C” items will have a 
minimal and relatively insignificant impact on cost savings. For the purpose of this study, 
the ABC Analysis will be used to help decide which items to focus on to decide order 
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quantities and re-order points. By ordering smaller quantities more frequently, holding 
costs can be reduced, however this may lead to an increase in procurement costs from 
more frequent ordering and receiving. It may also be possible to reduce safety stock with 
more frequent orders. Not included in the scope of this study, important savings 
opportunities can be observed by focusing on finding lower cost sources of medications 
of “A” items as well as monitoring their expiration dates more closely to ensure proper 
stock rotation (WHO, 2012).  
3. Vital, Essential, Non-Essential Categorization  
Another way to differentiate medications is to use the VEN system, sometimes 
called the VED system or simply the VN system. With this system the “V” is for vital 
medicines, the “E” is for essential medicines and the “N” is for non-essential medicines 
(or “D” for desirable). For the purpose of this paper, the VEN nomenclature will be used. 
The classification for each of these medications is highly subjective, but typically the 
vital medications are those where the cost of a stock out is typically very high. These are 
medications that can save someone’s life, have severe withdrawal side effects or are 
important to maintain the standard level of care (WHO, 2012). These are the drugs that 
must be available at all times. The Medications in the “E” category are still vital to have, 
but are not as critical. They may be rarely used or have substitutes or alternatives that do 
not degrade patient outcomes. All others are in the “N” category. These are the 
medications that are nice to have, but can be survived without (WHO, 2012) (Devani et 
al., 2010). Table 1 is one way to determine how to differentiate between the different 
categories. Controlled substances usually receive a lot more scrutiny and are the only 
classification of medications for which there is an accurate inventory readily available 
electronically and manually. Considering the regulations required for controlled 
substances, denoted as schedule II-V, these medications might be considered as vital or 
essential, simply due to the amount of scrutiny and documentation required for 
maintaining even a small amount of inventory.  
 10
Table 1.   Sample VEN Guidelines. Source: WHO (2012). 
 
 
Using the ABC Analysis or the VEN Analyses may not be the right way to 
differentiate medications for every pharmacy. The ABC analysis really is suited for 
pharmacies that are trying to reduce inventory costs. The VEN analysis lends itself better 
to an NGO or country that has significant constraints on their medication budget. It is a 
very good tool for those hospitals that have a restrictive formulary. There is also the 
option to combine these to analyses into the ABC-VEN matrix analysis (Devani et al., 
2010). This is performed by assigning each medication an “A,” “B,” or “C” from the 
ABC analysis and a “V,” “E,” or “N” resulting in nine categories: “AV,” “AE,” “AN” 
and so on. These categories are then divided into Category I, II, and III as shown in Table 
2 (Devani et al., 2010). 
Table 2.   ABC-VEN Categorization. 




This classification opens up the most important category of medications, making 
it important to track and stock some of the B and C items. This is important because with 
this model, the acquisition costs are not the sole basis for dividing the medications. The 
VEN method takes into account the intangible shortage cost to the patient or society if 
they cannot get the medication immediately.  
4. Methods to Manage Inventory 
Much of what has been stated previously has been industry standards and 
recommendations. But one of the biggest differences between managing a civilian 
pharmacy compared to a military pharmacy is money and profit. The Navy spends 
$500M in acquisition costs of medications worldwide (Boyle, 2013); much of that budget 
is spent in only a couple of the Navy’s largest facilities. Pharmacies have three basic 
approaches of managing inventory: visually, sometimes referred to as “looking it over,” 
periodically, or physical inventory, and continuously, (Ali, 2011) (Elements, 2013).  
a. Visual Review Method 
The visual method is as it sounds; the supply personnel will visually inspect each 
item and once it falls below a certain level, it will get reordered (Bouldin et al., 2011). In 
this system, the pharmacist will often have a “want book,” which is a notebook where the 
pharmacy staff keeps track of medications that need ordering throughout the day, and is 
very common in smaller pharmacies (Bouldin et al., 2011). Typically as the pharmacy 
fills prescriptions the staff will make note of a low medication or puts the item’s barcode 
in the notebook. At the end of the day an order is generated using the notes (Bouldin et 
al., 2011). Some of the benefits of this system include low cost of implementation, 
convenience, and informality (Bouldin et al., 2011). This is an ideal system for a small 
pharmacy without much inventory; however there is a huge risk of stock outs due to 
oversight or missing an order.  
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b. Periodic Review Method 
The periodic method is very similar, except that the supply staff inspects the 
inventory at preset time periods such as weekly or monthly. It is even possible to have 
multiple periods, fast moving items might be re-ordered daily while slower moving items 
only weekly or monthly. Like the visual system, the periodic system, orders when the 
stock falls below the reorder point (ROP). This method is a little more formal than the 
visual, which allows for some data to be generated. With this data, the manager can do 
minimal analysis. The benefits are that it is also inexpensive to implement and the limited 
data generation (Bouldin et al., 2011). The disadvantages are the time investment needed 
as well as the risk of stock outs and greater safety stock.  
c. Continuous Review Method 
The last and most efficient method is continuous inventory, known in the 
pharmacy literature as a perpetual inventory system. A majority of civilian pharmacies 
use a computer based continuous inventory system (Ingersol, 2015) but a continuous 
review can be done on a small number of items by hand (Bouldin et al., 2011). With 
continuous inventory systems, inventory is tracked at the level of sale (dispensing) and a 
real time inventory can be known. The system can place an order once the inventory gets 
below the ROP. In addition to re-ordering and keeping track of the inventory, a 
continuous system can give detailed analyses with all of the data it collects, such as 
average inventory, variations in demand or any kind of seasonality (Bouldin et al. 2011).  
This is the best inventory management system of all the choices. It can save 
money by reducing inventory, provide a total value of the inventory in stock, and reduce 
the risk of stock outs compared to the other systems. An added benefit is the continuous 
system should reduce the work spent walking the shelves and entering reorder 
information (Willard, 2012), allowing for those resources to be used in other places. The 
biggest disadvantage of the continuous system is the cost.  
For many pharmacies, the system that is best for the pharmacy largely depends on 
the pharmacy itself, specifically its budget. The periodic/visual methods are the least 
expensive, at least in the start up phase and for smaller pharmacies, but they may be at an 
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increased risk for error. The risk of stock-out increases if the supply staff inadvertently 
misses an item that is below the ROP. This may put the patient in danger, and is also bad 
for business. There are strategies for minimizing the safety impact to patients; such as 
partially filling a prescription to ensure they have enough medication until the pharmacy 
is resupplied. If this happens often, the patient is likely to look for another pharmacy. 
There are several benefits of utilizing a continuous inventory system beyond the obvious 
of saving personnel costs. It can help the pharmacy identify lost items due to shrinkage, 
help with reporting (financial statements as well as an easy way to view demands and 
utilization), help track turnover rates, and even help with forecasting (Ingersol, 2015). 
5. How Much to Order? 
a. Economic Order Quantity (EOQ) 
The economic order quantity is a mathematical solution to minimize costs 
associated with ordering and holding inventory. AT larger and larger order quantities of 
an item, carrying costs will increase due to the increased inventory (Bouldin et al., 2011). 
Conversely, as the order quantity increases the procurement cost will decrease due to 
decreased orders; the EOQ takes these two costs and determines the quantity to order at 
which the total cost of managing inventory is the lowest (Bouldin et al., 2011). Figure 1 




Figure 1.  Economic Order Quantity. Source Seftil (2016). 
 
The holding cost is an approximation of a variety of factors; for a pharmacy, the 
average annual holding cost is 20–30% of the value of the inventory (National 
Community Pharmacists Association, 2008). This means that a pharmacy that has an 
average inventory value of $1 million will pay about $200-300 thousand to maintain that 
inventory. Calculating the EOQ for each item and then maintaining and updating the 
levels as demands shift can be a very tedious process. Fortunately technology can take 
care of this task, freeing up the pharmacy staff to take care of patients and other tasks 
(Bouldin et al., 2011). The limitations of the EOQ method include assumptions of 
continuous use and prices without fluctuations (Bouldin et al., 2011). 
b. Joint Ordering Strategy 
The purpose of joint ordering is to take a group of coordinated items and order 
them in as one whole unit (Aksoy & Erenguc, 1988). This system of inventory 
management has many different versions, but one thing they all have in common is that 
they take items with a large set-up cost or a high fixed cost per order and combine orders 
resulting in significant savings (Pantumsinchai, 1992). The execution of joint ordering 
will largely be dependent on the policies of the individual site that the organization uses 
to manage inventory; when the site determines the order all of the items in the group 
(Pantumsinchai, 1992). The reorder point is dependent on the amount of risk the 
pharmacy is willing to take, as well as the holding and shortage costs of the items. A 
couple examples of ordering triggers are: once one item is below its ROP, or the re-order 
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can trigger once several items are below the ROP. With this system, the item(s) that 
trigger the replenishment are ordered normally, but for the remaining items the benefit 
comes with procuring medications at a reduced set-up cost (Pantumsinchai, 1992). This 
system works best when using the (S, s) method of inventory management, where the 
quantity ordered is variable based on the difference between the maximum inventory 
level (S) and the inventory level when the order is placed (Pantumsinchai, 1992). This 
type of inventory management system is difficult to manage without the use of computer-
assisted inventory, but can also be used with a modified EOQ type method (Aksoy & 
Erenguc, 1988). With the modified EOQ system, rather than optimizing each individual 
item, a group is optimized so that the order quantities correspond with the average 
demand so that each item should need to be ordered at approximately the same interval 
(Aksoy & Erenguc, 1988).  
6. When to Re-order 
Determining when to reorder an item largely depends on the amount of safety 
stock needed or amount of risk of stock out management would like to assume. The 
demand during lead-time is also important in determining when to reorder (Krajewski & 
Ritzman, 1996, p. 554–555). Service level is the probability that an item will not run out 
of stock in an order cycle (Krajewski & Ritzman, 1996, p. 554–555) and it is used to 
manage the risk of stock outs. Service levels are usually given in percentages and the 
higher the percentage the lower the risk of stock outs. Having a higher service level 
comes at a cost; more inventory is required, which means paying more holding cost. 
Different managers might determine with different service levels, but they all must 
consider the objective costs of having no inventory and maintaining extra inventory as 
well as the subjective non-monetary costs into account. Determining the appropriate 
service level is a balancing act, management must decide if based on what they think is 
best for their organization. 
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III. METHODS 
This chapter will focus on how this study was completed. It will discuss the 
source of the data being analyzed, and how the ABC analysis was completed, and how 
the VEN categorization was applied to the data.  
A. DATA SOURCE 
1. Demand Data 
This study focuses on one pharmacy, NMCSD Pharmacy, and the data comes 
directly from their pharmacy. Currently, there is no good way to extract the demand of 
medications in enough detail from their computer pharmacy system, Composite Health 
Care System (CHCS). One of the benefits of CHCS is its ability to store and report data, 
however it is an old, non-Windows based system that requires a lot of specialized 
knowledge to operate to its full potential. CHCS does have an inventory management 
feature as well as an inventory-reporting tool (Science Applications International 
Corporations (SAIC), 1996). Another option to get demand data is to use the Drug 
Utilization Review reports, which divides the data into individual prescriptions per day. 
The last option of the pre-set reports is the product activity report (PAR). This report is 
very useful in gathering data for one or two medications for a small amount of time, but 
must be run for each day to get daily demand and for each medication individually. That 
is 365 reports needed per medication. Ultimately the data for this project came from an ad 
hoc report that made the PAR report include the totals for the specified time (one day) 
and all of the medications dispensed for that day (Science Applications International 
Corporations (SAIC), 1996). The difficulty with ad hoc reports is they require special 
training to build (Science Applications International Corporations (SAIC), 1996) and not 
all sites may have someone with that training.  
The specialized PAR report included a total number of units dispensed during the 
specified time period as well as the unit cost of the medication. The medications were 
identified by internal entry number (IEN), a unique number that identifies each unique 
item within the system. Each of these 365 reports contained a number of items as small as 
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200 up to 700 different items used for that day which were individually imported into 
Microsoft Excel. The relevant data was filtered and combined into one large table using 
the excel ad-in “ablebits.” Ablebits is a tool that will merge 2 tables adding the extra 
columns with the new data and extra rows for the data that had not been used yet. The 
resulting table included every medication used for the year, approximately 2,300 
medications, and the demand separated into each day.  
2. Procedural Data 
The procedural data used in this study was obtained during a site visit to NMCSD 
pharmacy, electronic correspondence with the supply staff, and the author’s personal 
knowledge of the site gained from working there as a pharmacist for several years. The 
information gathered directly from NMCSD’s supply staff included, but is not limited to:  
 
 Number of orders placed per year 
 Number of items per order 
 Time spent on the order from start to finish 
 How the order was generated 
 
B. CATEGORIZATION OF MEDICATIONS 
1. ABC Categorization 
Setting up an ABC analysis is easy using a spreadsheet program. It requires 
ranking the different products by each individual percentage of the total value of the 
inventory and graph the cumulative percentage on the Y-axis and the total number of 
products on the X-axis. To find the percentage of use, multiply the demand (units 
purchased) over a given period of time by the unit cost, and then divide the cost per 
period of time by the total amount spent and graph (WHO, 2012). An example of the 
table and graph can be seen in Table 3. 
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Table 3.   ABC Analysis from NMCSD. Adapted from WHO (2012). 
 
 
2. Vital, Essential, Non-Essential 
Classifying each medication as vital, essential, or non-essential is completely 
independent of the ABC analysis and must be done separately. Each pharmacy would 
divide their formulary based on their own needs and criteria. For this study each 
medication was divided based on four major criteria seen in Table 4. 
Table 4.   NMCSD Criteria for VEN Classification. 
Adapted from WHO (2012). 
 
 
The number of days used at NMCSD and the controlled substance classification 
criteria are very objective and require no interpretation. The other two, the prevention of 
serious disease and the importance of missed doses, require knowledge of the 
medications that they are classifying or the conditions the medications are treating. 
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Dividing each medication into vital, essential, and non-essential medications would be a 
decision for the Pharmacy and Therapeutics Committee (P&T) (WHO, 2012) and not 
only a single pharmacist or doctor. However, for this study the author used his 
professional judgment and experience to determine if the medications prevented serious 
disease or if a missed dose would have serious consequences. 
C. NECESSARY EQUATIONS 
1. Economic Order Quantity 
With the EOQ inventory management method, the order cost (S) is the fixed cost 
of placing an order for just one item at a time and for this study the same S is used for all 






D = item annual demand 
S = order Cost 
C = item Cost 
h = holding Cost, as a percentage of the cost 
 
2. Joint Ordering Strategy	
With the joint order strategy, the goal is to find the optimal number of orders per 
year (n*) and work backwards to determine the optimal joint order quantity (Qi). One big 
difference between the joint ordering strategy compared to the EOQ method is the break-
up of the costs into the common order cost (S) and the item specific costs (s). The 
combined order cost (S*) is S plus the item specific cost of every item in the group. For 
example in a pharmacy walking the shelves to generate an order is a common ordering 
cost and putting the medications away after the order has been received is a item specific 
cost. Using n* the optimal joint order quantity for each individual item can be determined 
using the equations provided (Chopra & Meindl, 2013). The Qi is simply the annual 
demand for an item divided by the calculated n* (Chopra & Meindl, 2013). 
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S*  S  s1  s2  ... sn  
n*  D1 *h *C1  D2 *h *C2  ... Dn *h *Cn
2S*  
 
Qi  Din*  
Where: 
 
Qi = joint order quantity for Item i 
S* = total order cost 
S = common order cost 
s = item specific order cost 
Di = annual demand for Item i 
n* = optimal number of orders per year 
 
3. Reorder Point 
Two components make up the ROP, the demand during lead-time and the amount 
of safety stock needed. Many formulas can be used to determine this, taking into account 
the variability in demand as well as variability in lead-time. Fortunately at NMCSD the 
lead-time is relatively constant with almost no variability, therefore this model assumes 
no variability in lead-time. The formula used to determine ROP is 




ROP = re-order point 
d = daily demand 
LT = lead time in days 
Z = number of standard deviations from mean (Z score) 
σ = standard deviation of daily demand 
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IV. ANALYSIS 
A. ABC ANALYSIS 
The ABC analysis was performed to differentiate the 2,300 SKUs that the 
pharmacy carries. For the purpose of this paper, the A items are the most important either 
as a result of the demand or because they are expensive in relation to the other items. The 
B and C items account for a much smaller percentage of the overall pharmacy inventory 
budget. In this study, the A items represent 80 percent of the total budget, the B items are 
only 15 percent and the C items include the last 5 percent of the budget. However, there 
are only 241 items in the A category, 426 in the B, and 1677 in C as shown in Table 5 or 
graphically in Figure 2. The percentages of cost assigned to each group were assigned 
arbitrarily based on being a number that is a factor of five and the number of items that 
would correspond with the assignment.  
Table 5.   NMCSD ABC Analysis Breakdown. 
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Figure 2.  NMCSD ABC Analysis (July 2015–July 2016). 
 
B. VEN CATEGORIZATION 
A unique aspect of health care inventory and especially medications is that cost 
and demand are not always the best indicators of what is most important to manage 
inventory. Sometimes the subjective stock out cost of a medication is significantly high 
and that item must be managed as closely as an A item, even if it is a C item. As 
mentioned earlier, a committee would do this assignment into Vital, Essential, and Non-
Essential items locally or as an organization. The results of this analysis can be seen in 
Table 6. 
Table 6.   NMCSD VEN Analysis Breakdown. 
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C. ABC-VEN CATEGORIZATION 
The ABC analysis is not enough to use when evaluating the inventory of a 
pharmacy and should be used in conjunction with a tool that takes non-monetary factors 
into consideration. The VEN analysis tool fills this gap. The results of combining the 
ABC analysis and the VEN analysis can be seen in Table 7. Category I medications 
replace A as the most significant category to watch. Category I medications will be used 
to conduct the rest of the analysis of this study. It is assumed that all benefits achieved 
from modifying the Category I medications will apply to Category II and III because the 
are used infrequently or represent such a small fraction of the overall acquisition costs. 
An added benefit of this method of categorization is it breaks the Category I medications 
into five joint ordering groups: AV, AE, AN, BV, and CV. 
Table 7.   Results of Combining ABC and VEN Analysis. 
 
 
D. DEMAND ANALYSIS 
Both models evaluated require a few key pieces of information: the demand, 
holding cost, unit cost and ordering cost. Much of that information is given in the data 
and the holding cost of inventory in a pharmacy is 20% (National Community 
Pharmacists Association, 2008). One thing that must be determined is the ordering cost.  
1. How Much to Order 
a. Ordering Costs 
The information about the time spent on each activity involved in ordering was 
determined from email correspondence with the supply officers at NMCSD. Also missing 
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in this analysis was the fixed shipping and handling fee that would be a fixed cost 
charged per order. This cost was not known by anyone interviewed.  
(1) Supply Staff 
The NMCSD is currently made up of three different classifications of employees, 
General Schedule (GS) pharmacists and technicians and military technicians or 
Corpsmen. The pay of these individuals is based on their rank or GS grade and step and is 
variable based on the people who fill these positions. The assumptions made to calculate 
the ordering costs is that the GS Pharmacist is a grade of 13 step five, the GS technicians 
have a grade of nine step five, and the corpsman is an E3 with over three years. Locality 
pay was also included in the calculation of the costs of these workers. Their salary 
breakdown can be seen in Table 8.  
Table 8.   NMCSD Supply Staff Salary Breakdown, Adapted from San Diego 
Locality Area-General Schedule Localities (2016), Military Pay Chart for 
2016 (2016), Defense Travel Management Office (2016). 
 
*Assuming GS13 Step 5, **Assuming GS9 Step 5, ***Assuming E3 >3 years with dependents. 
  
(2) Ordering Tasks 
The personnel costs associated with the ordering cost can be broken into three 
categories which Table 9 summarizes 
 In-processing of the order—This includes verifying the invoice with the 
medications that were included in the order and putting the medications 
away. Each order takes two technicians four hours to complete (Vancheri, 
2016). 
 Walking the shelves/Order building—This task the technicians walk the 
shelf visually inspecting each item to determine if it needs reordering. If a 
medication needs to be reordered the technician scans the barcode adding 
the item to the order and counts the medication to determine how much to 
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order. This task is done daily and usually takes three technicians three 
hours to complete (Vancheri, 2016). 
 Managing the Order—This task is probably the hardest to quantify and 
counts as the catch all in the ordering process. This includes monitoring 
the orders insuring that all items needed are actually ordered. If there is a 
shortage of an item the pharmacy supply staff search the different generics 
looking for an equivalent. They monitor drug shortages ensuring that once 
a medication is available again, it is reordered promptly. This task is done 
daily and it was estimated that it takes two technicians five hours and one 
pharmacist two hours daily (Vancheri, 2016). 
Table 9.   Order Cost Breakdown Adapted from (Vancheri, 2016). 
 
 
(3) Determining Common Order Costs (S) and Total Order Cost (S*) 
The first task of determining the order cost was deciding what is a common order 
cost and what is item specific. To guide this analysis, a common cost was any cost that 
would need to be paid if only one item was ordered. The first common cost is “walking 
the shelves/building the order.” This is a common cost because the supply staff could 
potentially walk the shelves to build the order and only need one item. This is a very 
hypothetical situation to help build the model. Managing the order is a common cost 
because this cost is fixed.  
For the EOQ model, S is the cost of managing the order plus building the order. 
To make the scenario a little more realistic, the cost of managing the order for the EOQ 
method is divided by six. Twelve man-hours for a one-item order is not very realistic, 
however two man-hours managing an order is a reasonable amount of time. The In-
processing of the item for a one-item order is negligible because it would take almost no 
time to complete. The resulting S is $340.24 per order. 
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The S* in the joint ordering strategy is a little more complex. No manipulation of 
the order building or order management cost is necessary The common cost (S) is the 
same for all five joint order groups and is $679.46 when using the periodic system. If a 
continuous review system were to be used, this would eliminate the order building cost 
reducing S to $407.06. The item specific cost for each category prorated cost of in-
processing the order. An average order for NMCSD contains approximately 177 different 
SKUs (Vancheri, 2016). To get the per item in-processing cost the $242.13 in-processing 
cost was divided by 177 to equal $1.37 per item. For each group, the total number of 
items in the grouping is multiplied by $1.37 for the total item specific cost for that 
grouping. For the AV items in the item specific cost is $1.37*102 items and equals 
$139.53. When added to the $679.46 common cost the S* is $818.99. The ordering costs 
for all groups using the periodic system and continuous system are summarized in Tables 
10 and 11 respectively. 
Table 10.   Summary of Order Costs at NMCSD, Periodic Review. Adapted from 
Chopra & Meindl, (2013). 
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Table 11.   Summary of Order Costs at NMCSD, Continuous Review.  Adapted from 
Chopra & Meindl, (2013). 
 
 
b. Inventory Models 
As discussed in the methods chapter, determining the EOQ or Qi of an item is a 
simple math problem when you know the holding cost, unit cost, demand and order cost. 
The Qi is made a little more difficult because the common order cost and item specific 
order cost must be known. The standard holding cost for a pharmacy is approximately 
20–30% (National Community Pharmacists Association, 2008) and for the purpose of 
this model 20% was used for all models. The order costs can be determined by 
referencing Tables 10 and 11. One important assumption to remember is that in the EOQ 
model, all items are ordered independently and the order cost is based on a one-item 
order. 
To determine which system is best, the overall order cost should be compared 
across all of the models. In this study EOQ and Qi each with periodic and continuous 
review have been compared and their total annual costs are shown in Table 12. For the 
initial analysis, only the order cost and the holding cost of the average inventory will be 
compared. The holding cost associated with safety stock will not be included because this 
is cost is not relevant when deciding if periodic or continuous review is best. Important to 
note that in most cases the quantities derived using the EOQ or the Qi method will not be 
available for purchase in those quantities. Rounding up or down to the nearest multiple of 
the nearest bottle size will not impact the cost much. For example, if the EOQ is 637, 
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order 700 tablets if the medication comes in bottles of 100 or 690 if the medication comes 
in bottles of 30. 
Table 12.   NMCSD Pharmacy Annual Cost Analysis of 
Category I Medications.  Adapted from Chopra & Meindl, (2013), 
Bouldin et al., (2011). 
 
Table 12 reveals that joint ordering has a significant advantage in all groups of 
Category I medications. Grouping orders results in about a $1.5-2 million savings 
compared to ordering each item individually. This model estimates that there would be a 
savings of approximately $62,000 annually if NMCSD should use a continuous review 
system over a continuing with the periodic review. 
2. Sample Problems 
Using a small sample of three medications the sample problems will illustrate 
how the costs in Table 12 were derived. Table 13 shows the summarized collected data of 
three medications that were used to complete this analysis. Refer back to the EOQ and Qi 
formulas provided in Chapter 3 to calculate these quantities. Tables 14 and 15 show a 
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step-by-step example of how to calculate total cost using the given data in Tables 10 and 
13. The calculation of S* and n* is shown in the equations directly following Table 15. 
The results of this small sample is joint ordering is $2,813 less expensive than ordering 
individually with the EOQ model.  
Table 13.   NMCSD Sample Data Adapted from Chopra & Meindl, 2013 
 
Table 14.   Economic Order Quantity Example, Periodic Review Adapted from 
Chopra & Meindl, 2013. 
 









3. When to reorder 
Due to the relatively short lead-time to resupply inventory, the need for safety 
stock is greatly diminished. However, the high variability in demand negates the short 
lead-time advantage and necessitates at least some safety stock. The amount of safety 
stock at NMCSD or any pharmacy is up to the senior management and must balance the 
holding cost with the cost of stock outs. For this study, the service level of the items is 
determined by the VEN categorization of medications. Vital medications have a service 
level of 95 percent, essential medications have a service level of 90 percent and the non-
essential medications have a service level of 85 percent. Once the ROP is determined a 
policy must be considered to decide when to reorder. 
One consideration is that once any item in the reorder group is below the ROP, 
the entire group is reordered using the Qi quantity for each item. The benefit of this 
policy is that it minimizes the risk of stock-outs because the whole group of medications 
is reordered when only one item is below the ROP. The potential disadvantage of this 
policy is that this could potentially create a temporary over-stock situation increasing the 
holding cost. In the long run, over a year, all of the ordered inventory should be used. 
Another possibility is to re-order once a certain percentage of medications in the group 








V. CONCLUSIONS AND RECOMMENDATIONS 
A. SUMMARY 
Inventory management is not a one size fits all decision that can be made. 
Sometimes even the optimal solution may not be the right one if the constraints are 
present. The best way to analyze an inventory management policy is to start by deciding 
what to analyze. Using an ABC analysis can help differentiate the items that really need 
to be focused on to save money and time from those that really do not impact much. Used 
alone, the ABC analysis is good for some industries, but in the medical community, the 
most important medications are not always the ones with the highest demand or cost the 
most money. Patient safety concerns or accreditation requirements are just two reasons 
why it may be important to upgrade a medication categorized as a B or C into a more 
closely observed status. This shows that the VEN classification system when used in 
combination with the ABC analysis may provide a better picture on the inventory items 
that should be focused on.  
Once the items to focus on has been decided the analysis of how much and when 
to order and when can be done. This is accomplished first by deciding which system will 
be used: periodic, continuous, or a hybrid system. Using the EOQ formula or joint order 
formula the optimal re-order quantities can be calculated for a decision. The easy part is 
then deciding when to re-order, but this is highly dependent on the service level that is 
decided upon and may be different for different managers.  
B. CONCLUSION 
This study has differentiated NMCSD’s medications into three categories using a 
hybrid of the ABC Analysis and VEN categorization, used personnel salaries to 
determine ordering costs and separated these into common and item specific costs and 
compared an EOQ with a joint ordering model. No matter which inventory system that is 
decided upon, the decision should be made based on it would impact the Category I 
medications. While the Category II and III medications would be impacted slightly, the 
largest benefit would come from Category I. This study determined that the joint ordering 
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method was 84 percent less expensive than single item EOQ ordering and continuous 
review was 18 and 19 percent less expensive than periodic review when compared to 
joint ordering and the EOQ model respectively. Figure 3 shows these cost savings 
graphically. 
Figure 3.  Total Costs (Holding + Order) of Category I Medications at NMCSD.  
Adapted from Chopra & Meindl, (2013). 
 
 
Due to the assumptions made to create the EOQ model, it is overestimating the 
order costs and the difference between joint ordering and the EOQ model are likely closer 
in cost than the analysis shows. Another weakness when considering the EOQ model is 
that many of the items are so inexpensive that the order quantity becomes almost a full 
year’s demand worth, making it not a realistic number. In this model a continuous review 
system is less expensive because it decreases the order cost by about $270 each order 
placed. This is the monetary cost of order building, it does not include the subjective 
costs of reallocating the supply personnel during those times to help with patient care and 
thus increasing patient safety and reducing wait times. 
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This study arranged the order groups based on their ABC-VEN classification, 
however this is not the only way to do this. An alternative would be to arrange the groups 
based on their coefficient of variation (CV) or simply by their demand. The results that 
this study determined can be seen in Tables 16 through 20. 
Table 16.   Continuous Review AV Medication Results.  Adapted from Chopra & 
Meindl, (2013), Krajewski & Ritzman, (1996). 
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Table 17.   Continuous Review, AE Medication Results.  Adapted from Chopra & 




Table 18.   Continuous Review, AN Medication Results.  Adapted from Chopra & 




Table 19.   Continuous Review, BV Medication Results.  Adapted from Chopra & 




Table 20.   Continuous Review, CV Medication Results.  Adapted from Chopra & 




This study has solidified two big ideas in inventory management; grouping is a 
very good and easy way to reduce costs and a continuous review system is the most 
accurate and efficient inventory system. NMCSD should consider adopting a group 
ordering strategy that would reduce the number of orders made per year and thus reduce 
total cost and begin looking into costs associated with implementing a continuous review 
system.  
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D. AREAS FOR FURTHER RESEARCH 
Logistical areas of research that can benefit Navy Pharmacy and inventory 
management are:  
 Re-visit the order cost assumptions providing more in-depth analysis of 
the order cost and increasing their accuracy 
 Cost-benefit analysis looking specifically at a continuous review system 
 Investigate pooling inventory regionally, nationally or at one location to 
cover hospitals and clinics in a local catchment area. 
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